In this study, for the first time artificial neural network was used to predict biodiesel yield in supercritical tert-butyl methyl ether (MTBE). The experimental data of biodiesel yield conducted by varying four input factors (i.e. temperature, pressure, oil-to-MTBE molar ratio, and reaction time) were used to elucidate artificial neural network model in order to predict biodiesel yield. The main goal of this study was to assess how accurately this artificial neural network model to predict biodiesel yield conducted under supercritical MTBE condition. The result shows that artificial neural network is a powerful tool for modeling and predicting biodiesel yield conducted under supercritical MTBE condition that was proven by a high value of coefficient of determination (R) of 0.9969, 0.9899, and 0.9658 for training, validation, and testing, respectively. Using this approach, the highest biodiesel yield was determined of 0.93 mol/mol (corresponding to the actual biodiesel yield of 0.94 mol/mol) that was achieved at 400 °C, under the reactor pressure of 10 MPa, oil-to-MTBE molar ratio of 1:40 within 15 min of reaction time.
INTRODUCTION
Research on renewable energy field has enormously attracted researchers during the past few years due to the motivation to reduce gas emission, environmental pollution, and dependence on fossil fuel. Biodiesel has been well known as one of the promising renewable energies as a biodegradable, renewable, environmentally benign and clean-burning substitute for petroleum diesel fuel. (Pasqualino et al., 2006) Over the past few decades, biodiesel has been produced in industry using conventional catalytic reactions, either acidic or alkaline. However, these catalytic methods are still facing the problems such as time consuming, a tremendous amount of waste water generated, and sensitivity to high free fatty acid and water content. Besides, tedious separation and purification in downstream steps need to be conducted in order to remove the impurities such as saponified side products and catalyst from biodiesel.
Biodiesel production using supercritical methanol or ethanol technology could answer the problems faced by conventional catalytic methods affording higher reaction rate, no catalyst requirement, shorter reaction time, and simpler separation and purification steps (Saka & Kusdiana, 2001; Farobie & Matsumura, 2015a; Farobie & Matsumura, 2015b; Farobie & Matsumura, 2015c; Farobie & Matsumura, 2015d; Farobie et al., 2015e; Farobie et al., 2015f) . However, the by-product glycerol is unavoidable, leading to the significant decrease of glycerol price in the market. To circumvent this problem, non-catalytic biodiesel production in supercritical MTBE was proposed. Using this new approach, fatty acid methyl ester (FAME) or biodiesel and glycerol tert-butyl ether (GTBE) were obtained Farobie & Matsumura, 2015a; Farobie & Matsumura, 2015c; Farobie & Matsumura, 2015d) . GTBE has a positive effect on quality of diesel fuel and provides reducing in carbon monoxide and particulate matter from incomplete combustion due to the presence of oxygen in its structure. (Frusteri et al., 2009) A number of study on prediction of biodiesel production using artificial neural network was published recently (Badday et al., 2014; Farobie et al., 2015f) . However, there has been no study on this artificial neural network approach to estimate biodiesel yield conducted in supercritical MTBE. Therefore, the objectives of this study are to assess how accurately this model to predict biodiesel yield achieved by supercritical MTBE and to determine the highest yield of biodiesel conducted in supercritical MTBE.
EXPERIMENTAL METHOD

Reagents and materials
The feedstock of canola oil was obtained from J-Oil Mills, Tokyo, Japan, and MTBE was purchased from Nacalai Tesque, Inc., Kyoto, Japan. Standard compounds of fatty acid methyl esters (methyl oleate, methyl linoleate, methyl linolenate, methyl palmitate, and methyl steareate) were purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Triolein, diolein, and monoolein standards were purchased from Nacalai Tesque, Inc., Kyoto, Japan, SigmaAldrich, Co., Japan, and Tokyo Chemical Industry Co., Ltd., Japan, respectively. To prepare GC standard solutions, all chemicals (tricaprin and n-hexane) used were of analytical grades.
Transesterification reaction
The transesterification reaction was carried out under supercritical MTBE condition using the flow reactor. Schematic design of reactor can be found elsewhere . The reactor was made of SS 316 steel tubing (i.d., 1 mm; o.d., 1.59 mm) with a length of 1.5 m. The feedstock and MTBE were fed into the reactor at the desired temperature and pressure. The obtained products were removed from the reactor after passing them through a filter and a back pressure regulator. In this study, the transesterification reaction was carried out in a temperature range of 200-500 °C and a pressure range of 6-15 MPa. The molar ratio of the oil to MTBE used in this study was fixed at 1:40. The feedstock used in this study was canola oil.
Analytical methods
The products were analyzed using a gas chromatography (GC-390B; GL Sciences) with an apparatus consisting of a column (Supelco MET-Biodiesel w/int. 2 m guard column, Sigma Aldrich) and flame-ionization detector (FID). Argon was used as the carrier gas. The temperature program began at 50 °C, first maintaining this temperature for 1 min. The temperature was then inclined at a rate of 15 °C/min to 250 °C and kept at this temperature for 10 min. Finally, the temperature was increased to 380 °C at a rate of 15 °C/min and kept at this temperature for 5 min. The temperatures of the injector and detector were both set at 380 °C. The standard and sample injection volumes were both 1 μL, and peak identification was achieved by comparing the retention times between the standard and sample compounds. The methyl ester content was calculated using a calibration curve on the basis of peak areas. Fatty acid methyl ester (FAME) yields from the experimental results were calculated by dividing the moles of product FAME by moles of fatty acid group in the initial triglyceride.
Artificial Neural Network (ANN) modeling
A typical structure of ANN consists of input layer, one or several hidden layers, and output layer. The input layers used in this study were temperature, pressure, reaction time, and oil-to-MTBE molar ratio. Meanwhile, the output layer used in this study was biodiesel yield. The number of hidden layer was elucidated by a heuristic procedure consisted of attempting several numbers of neurons until the MSE of response was examined. Neural network architecture for biodiesel production in supercritical MTBE is presented in Figure 1 .
The experimental data obtained from the transesterification of canola oil in supercritical MTBE were used for network training to create the network model that could compute the predicted yield of biodiesel values from the 4 input reaction conditions (temperature, pressure, reaction time, and oil-to-MTBE molar ratio) using MATLAB R2013a software. LavenbergMarquardt back propagation algorithm was chosen in training process. The performance of the ANN was evaluated based on the coefficient of determination (R) and mean squared error (MSE).
The data were randomly classified into three subsets, namely training, validation, and testing data. Firstly, training stage, 70 % of data were randomly chosen from the experimental data set, and the weighted parameters of the connections were elucidated until minimum value of MSE between experimental and predicted biodiesel yield was achieved. Secondly, testing stage, 15 % of data were randomly selected to test the "trained" ANN, and the ANN used the weighted parameters determined during the first stage. Lastly, validation stage, 15 % of remaining data subsets were used to validate the final estimation of FAME yield by the ANN developed in the two stages as mentioned previously.
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RESULTS AND DISCUSSION
Artificial neural network modeling
Using the heuristic procedure, the optimum number of hidden neurons was determined. As observed in Figure 2 . the optimum number of hidden neurons is 14, giving the greatest R values for training, validation, and testing of 0.9969, 0.9899, and 0.9658, respectively and the lowest MSE values of 2.52×10 -4 , 2.62×10 -3 , and 4.46×10 -3 , respectively. Thus, the optimum number of neurons that was used to create the network topology was 4-14-1, representing the neuron numbers in the input layer, the hidden layer, and the output layer, respectively. We found that the results for the train, the validation, and the test were different. As observed in this Figure, the value of MSE decreased rapidly to a small value (MSE = 2.62×10 -3 ). After validation, the developed ANN was successfully used to predict a subset of 8 FAME samples chose randomly from the region of the testing subset.
Prediction of biodiesel yield using ANN
The results of the network models for biodiesel yield generated from transesterification of canola oil in supercritical MTBE for the optimum neuron number are presented in Table 1 . In this calculation, Lavenberg-Marquardt back propagation algorithm was used for network training. This algorithm is the best choice compared to any other algorithms since it can achieve the lowest standard deviation and mean square errors (Moradi et al., 2013) . All data for FAME yield were tested to assess the prediction capability of ANN model. The results of FAME yield predicted by ANN model are compared with experimental data as presented in Figure 4 . As shown in this Figure, almost all data show a good agreement, gave the coefficient determination (R) for training, validation, testing, and all data of 0.9969, 0.9899, 0.9658, and 0.9883, respectively. Using the ANN approach, the highest FAME yield can be determined of 0.93 mol/mol (corresponding to the actual FAME yield of 0.94 mol/mol) that was achieved at 400 °C, under the reactor pressure of 10 MPa, oilto-MTBE molar ratio of 1:40 within 15 minutes of reaction time.
Comparison between ANN and least square method
Finally, the result of ANN was compared with least square method. The data of least square method was obtained from previous work of . Figure 5. shows comparison of experimental value and predicted FAME yield obtained using least square method and ANN model. As shown in this Figure, at lower temperature (200-300 °C), the curve fitting using least square method gave a good agreement. However, at higher temperature (350-500 °C), ANN model gave better results compared to least square method. Under these conditions, the R values of 0.9994, 0.9968, 0.9922, 0.9336 were determined using ANN model, and those of 0.9768, 0.9519, 0.9855, and 0.8611 using least square method at 350, 400, 450, and 500 °C, respectively.
The parity plot comparing the experimental data for FAME yields with the calculated value by the least square method and ANN model are presented in Figure 6 . As shown in this Figure, the model prediction using ANN gave R value higher than that using least square method, confirming that ANN model had better generalization ability to predict FAME yield. 
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CONCLUSIONS
ANN model was used to predict biodiesel yield conducted under supercritical MTBE condition. This study shows that ANN is a powerful tool for modeling and predicting biodiesel yield that was proven by a high value of coefficient of determination (R) of 0.9969, 0.9899, and 0.9658 and a low value of mean squared error (MSE) of 2.52×10 -4 , 2.62×10 -3 , and 4.46×10 -3 for training, validation, and testing, respectively. Using this technique, the highest FAME yield can be determined of 0.93 mol/mol (corresponding to the actual FAME yield of 0.94 mol/mol) that was achieved at 400 °C, under the reactor pressure of 10 MPa, oil-to-MTBE molar ratio of 1:40 within 15 min reaction time. The model prediction using ANN gave R value higher than that using least square method, indicating that ANN model had better generalization ability to predict FAME yield.
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